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ABSTRACT 

F l i g h t  t e s t  of the  Landing P o i n t  Designator  
on Mission H - 1  should  involve real t ime s e l e c t i o n  of a d e b r i s -  
f r e e  l and ing  p o i n t  approximately 6 O  t o  t h e  l e f t  and 0.5 '  uprange 
of t h e  un redes igna ted  t a r g e t  p o i n t  ( a t  5000 f e e t  a l t i t u d e )  and 
t r a c k i n g  of  t h i s  selected p i r ? t  ~ n t i l  t h e  tizz cf manual take- 
over .  The f l i g h t  t e s t  w i l l  determine t h e  e f f e c t  of LPD o p e r a t i o n  
on c r e w  t a s k  loading  and the  e f f e c t  of t h e  LPD a t t i t u d e  and 
t r a j e c t o r y  response  on t h e  i n i t i a l  c o n d i t i o n s  a t  manual takeover .  

s u p p o r t i n g  d a t a  should  be prepared i n  t h e  fo l lowing  a r e a s .  

(LPD) 

P r i o r  t o  f i n a l  approval of t h e  LPD f l i g h t  t e s t ,  

1) LaRding Radar r o l l  s e n s i t i v i t y  

2 )  Onboard c h a r t  of a l lowab le  number of 
r e d e s i g n a t i o n  p u l s e s  v s .  a l t i t u d e  o r  
v e l o c i t y  

3 )  I d e n t i f i c a t i o n  of s c i e n t i f i c  t a r g e t s  
over  t h e  e n t i r e  f o o t p r i n t  

4 )  S imula t ions  of t h e  e f f e c t  of LPD a t t i t u d e  
response on manual takeover  
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DATE: J u l y  17, 1969 

FROM: A .  C. Merritt 

INTRODUCTION 

The Apollo F l i g h t  Mission Assignments requi rement  
t o  i n i t i a t e  development of a p o i n t  l and ing  c a p a b i l i t y  on 
Mission H - 1  can be m e t  by improving the n a v i g a t i u n  acziii-acy 
a t  powered d e s c e n t  i n i t i a t i o n  and by f l i g h t  t e s t i n g  the LM 
Landing P o i n t  Des igna tor  (LPD) . On t h e  l u n a r  e x p l o r a t i o n  
mis s ions  t h a t  do n o t  i n c l u d e  m o b i l i t y  a i d s ,  there w i l l  be a 
s t r o n g  requi rement  t o  use  the LPD t o  p a r t i a l l y  correct fo r  
n a v i g a t i o n  and guidance e r r o r s .  
the LM i s  l i k e l y  t o  l and  t o o  f a r  from the pre-planned s i t e  t o  
p e r m i t  achievement of the in tended  s c i e n t i f i c  r e t u r n  of t3e 
m i s s i o n .  I t  i s  t h e r e f o r e  impor tan t  t o  v e r i f y  t h a t  t h e  LPD can 
be s u c c e s s f u l l y  used i n  f l i g h t  t o  r e t a r g e t  t h e  LM l a n d i n g  p o i n t  
t o  t h e  d e s i r e d  l and ing  s i te .  

Without t a r g e t i n g  c o r r e c t i o n s ,  

Th i s  memorandum w i l l  d i s c u s s  t h e  LPD f l i g h t  test 
p o s s i b i l i t i e s  d e f i n e d  by t h e  c u r r e n t  d e l t a - V  budget  and a t t i t u d e  
c o n s t r a i n t s .  S e c t i o n  1 i n c l u d e s  a d e s c r i p t i o n  of the LPD system 
and t h e  c u r r e n t  r e d e s i g n a t i o n  c a p a b i l i t y .  F l i g h t  t e s t  l i m i t s  
are t h e n  e s t a b l i s h e d  w i t h i n  the  d e f i n e d  c a p a b i l i t y .  S e c t i o n  2 
d i s c u s s e s  crew procedures  dur ing  t h e  LM d e s c e n t  Approach Phase, 
i n  order t o  i n d i c a t e  t h e  expec ted  impact of LPD r e d e s i g n a t i o n  
on crew t a s k  load ing .  S e c t i o n  3 concludes w i t h  a proposed f l i g h t  
t es t  t h a t  meets the requi rement  t o  develop  a p o i n t  l a n d i n g  
c a p a b i l i t y  w i t h o u t  an e x c e s s i v e  del ta-V p e n a l t y  or a d d i t i o n a l  
c r e w  hazard .  

SECTION 1: LANDING POINT DESIGNATOR DESCRIPTION 

The Landing P o i n t  Des igna tor  (LPD) i s  a manually- 
commanded c o n t r o l  system comprised of the equipment shown i n  
F i g u r e  1. The scale on t h e  LM l e f t - h a n d  window is  used  t o  
o b t a i n  an i n d i c a t i o n  of the error between the  d e s i r e d  t a r g e t  
p o i n t  ( d e s i r e d  s i te )  and t h e  c u r r e n t  t a r g e t  p o i n t  ( c u r r e n t  s i t e ) .  
The R 1  DSKY (Di sp lay  and Keyboard) r e g i s t e r  s imul t aneous ly  d i s -  
p l a y s  t w o  numbers t h a t  d e s c r i b e  t h e  LM p o s i t i o n  r e l a t i v e  t o  the 
c u r r e n t  s i t e .  The t w o  d i g i t s  d i s p l a y e d  on t h e  l e f t  of t h e  R1 
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r e g i s t e r  g i v e  t h e  number of seconds t o  go t o  the  c u r r e n t  s i t e ,  
up t o  99 seconds.* The two d i g i t s  d i s p l a y e d  on the  r i g h t  of 
t h e  ~1 register g i v e  t h e  approximate window e l e v a t i o n  ang le  of 
the c u r r e n t  s i t e .  The LM Guidance Computer (LGC) a u t o m a t i c a l l y  
yaws the LM i n  o r d e r  t o  zero t h e  window azimuth a n g l e  of t h e  
c u r r e n t  s i t e .  (The  LM a t t i t u d e  r o t a t i o n  convent ions  are shown 
i n  F igu re  2.) 

By i d e n t i f y i n g  the d e s i r e d  s i t e  and comparing i t s  
window c o o r d i n a t e s  w i t h  the window c o o r d i n a t e s  of the c u r r e n t  
s i t e ,  the commander can dec ide  what c o r r e c t i o n s  should  be made 
i n  o r d e r  t o  t a r g e t  f o r  the d e s i r e d  s i te .  

C o r r e c t i r n s  iu t h e  c u r r e n t  s i t e  are e n t e r e d  i n t o  t h e  
LGC by t h e  commander's A t t i t u d e  Con t ro l  Assembly ( A C A ) ,  which 
is t h e  t h r e e - a x i s ,  p i s t o l - g r i p  hand c o n t r o l l e r  shown i n  F igure  1. 
When the PGNCS mode c o n t r o l  s w i t c h  i s  i n  t h e  AUTO p o s i t i o n  and 
t h e  LGC is i n  t h e  Approach Phase Program, P64, t h e  ACA w i l l  be  
d isab led** as an a t t i t u d e  c o n t r o l l e r .  I n s t e a d  of c o n t r o l l i n g  
a t t i t u d e ,  each ACA p i t c h  d e f l e c t i o n  w i l l  cause  t h e  LGC t o  r e t a r g e t  
t h e  s i t e  so t h a t  i t s  window e i e v a t i o n  changes 0 .5  degree .  Each 
ACA r o l l  d e f l e c t i o n  w i l l  cause the LM window azimuth r ead ing  of 
t h e  c u r r e n t  s i t e  t o  change 2 degrees. ACA yaw d e f l e c t i o n s  w i l l  
have no effect .  

LPD c o n t r o l  loops a r e  summarized i n  F igure  3 .  The 
e l e v a t i o n  and azimuth ang le s  of t he  desired s i t e ,  (ELd,  AZd) 

can be cons ide red  feedback q u a n t i t i e s  t h a t  describe t h e  s t a t e  
of t h e  desired s i t e  i n  window c o o r d i n a t e s .  The e l e v a t i o n  of 
the c u r r e n t  s i t e , E L c ,  must be vo ice - re l ayed  t o  t h e  commander 
by the LM p i l o t ,  s i n c e  t h e  commander cannot  s imul t aneous ly  view 
t h e  DSKY and t h e  desired s i t e .  Although no sampling e lement  
i s  e x p l i c i t l y  shown i n  Figure 3 ,  the commander w i l l  n o t  t rack 
t h e  desired s i t e  cont inuous ly  b u t ,  i n s t e a d ,  w i l l  i n p u t  correc- 
t i o n s  t o  t h e  desired s i t e  ( N e ,  N a  discretes) and w a i t  s e v e r a l  

computat ion c y c l e s  t o  see if the d e s i r e d  s i t e  and t h e  c u r r e n t  
s i t e  converge.  The commander w i l l  a l s o  be r e f i n i n g  t h e  l o c a t i o n  
of t he  desired s i t e  as viewing c o n d i t i o n s  improve d u r i n g  t h e  
Approach Phase.  

*This i s  a c t u a l l y  the time-to-go t o  t h e  Hover c o n d i t i o n .  
C u r r e n t l y ,  the hover p o i n t  i s  a t  an a l t i t u d e  of 150 f ee t  above 
the  l and ing  s i t e ,  w i t h  z e r o  h o r i z o n t a l  v e l o c i t y ,  and -3  f p s  
v e r t i c a l  v e l o c i t y .  (Reference 1) 

**Both the commander's and t h e  LM p i l o t ' s  ACA are d i s a b l e d .  
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LPD A t t i t u d e  and T r a j e c t o r y  Response 

The LM a t t i t u d e  and t r a j e c t o r y  response  f o r  an example 
LPD r e d e s i g n a t i o n  i s  shown i n  F igu res  4 and 5. (Data is  from 
Reference 2 , )  The example r edes igna t ion  g iven  h e r e  i s  f o r  a 
l a r g e  r e d e s i g n a t i o n  o u t s i d e  of t h e  c u r r e n t  c a p a b i l i t y  - 1 2 , 0 0 0  
f e e t  downrange and 5 0 0 0  f e e t  c ros s range  - b u t  w i l l  v a l i d l y  
i l l u s t r a t e  several  f e a t u r e s  of t h e  LPD response .  The t r a n s i t i o n  
t o  Hover i s  n o t  shown i n  t h e  a t t i t u d e  plots. 

The a t t i t u d e  response of  F i g u r e  4 can be summarized 
as a roll t r a n s i e n t ,  a yaw o r  heading change, and a pitch-down, 
p i tch-up  superimposed on t h e  nominal slow pitch-down. The r o l l  
and yaw changes are of oppos i te  s i g n ,  as w i l l  always be the case, 
f o r  r e d e s i g n a t i o n  e i t h e r  l e f t  o r  r i g h t  of t h e  o r i g i n a l  t a rge t  
p o i n t .  I f  a r e d e s i g n a t i o n  l e f t  of the t a r g e t  p o i n t  i s  commanded, 
t h e  response  w i l l  be  a p o s i t i v e  yaw t o  ze ro  t h e  window azimuth 
of  t h e  new s i t e ,  and a nega t ive  r o l l  t o  tilt t h e  t h r u s t  vector  
and r e d i r e c t  t h e  v e l o c i t y  vec to r  toward t h e  new t a r g e t .  Redesigna- 
t i o n  t o  t h e  r i g h t  of t h e  o r i g i n a l  t a r g e t  w i l l  r e s u l t  i n  a n e g a t i v e  
yaw response  and a p o s i t i v e  r o l l  response.  Redesignat ion r i g h t  
=f t h e  o r i g i n a l  t a r g e t  i s  l i m i t e d  hy t h e  commander’s v i e w  from 
t h e  L M  l e f t  window. (See Figure 1) 

A t  t h e  approach t o  Hover, t h e  r o l l  a t t i t u d e  shown i n  
F i g u r e  4 would p l a c e  t h e  l o c a l  h o r i z o n t a l  l e v e l  i n  t h e  window, 
and t h e  heading would be  such t h a t  t h e  s i t e  would n o t  b e  d i r e c t l y  
forward through t h e  LM windows. O f  cou r se ,  w i t h  manual t akeove r  
a t  approach t o  Hover, t h e  y a w  a t t i t u d e  can be changed t o  pe rmi t  
e i t h e r  a l a r g e r  o r  smaller  angle  between t h e  viewing v e c t o r  and 
t h e  LM X Z  p l ane .  (LM v e h i c l e  c o o r d i n a t e s  are shown i n  F i g u r e  2 . )  

The d o t t e d  l i n e  shown on t h e  p i t c h  response  p l o t  i n  
F i g u r e  4 i l l u s t r a t e s  t h e  approximate p i t c h  behav io r  f o r  an  un- 
r e d e s i g n a t e d  Approach Phase. Compared t o  t h i s  nominal p i t c h  
r e sponse ,  t h e  r edes igna ted  response is  a pitch-down fol lowed by 
a slow p i tch-up  and p i  tch-down sequence, which approaches t h e  
nominal p i t c h  p r o f i l e  as the  hover  p o i n t  i s  approached. The 
i n i t i a l  pitch-down r e s u l t s  i n  a forward v e l o c i t y  h i g h e r  than  
nominal, and pe rmi t s  t h e  t a r g e t  t o  be moved downrange of t h e  
o r i g i n a l  t a r g e t .  

I f  t h e  r e d e s i g n a t i o n  i l l u s t r a t e d  i n  F igu re  4 had been 
uprange - t h a t  i s ,  s h o r t  of t h e  o r i g i n a l  t a r g e t  - then  t h e  
i n i t i a l  p i t c h  response  would have been a p i tch-up  re la t ive  t o  
t h e  nominal p i t ch -up  p r o f i l e .  P i tch-up  w i l l  i n c r e a s e  t h e  window 
e l e v a t i o n  ang le ,  and might  p l a c e  t h e  s i t e  below t h e  bottom of 
t h e  commander’s window. The r e s u l t  would b e  loss of  c losed- loop  
LPD con t ro l .  For t h i s  reason,  r e d e s i g n a t i o n  c a p a b i l i t y  s h o r t  
of t h e  o r i g i n a l  t a rge t  is l i m i t e d ,  as w i l l  be d i s c u s s e d  f u r t h e r  
i n  subsequent  s e c t i o n s .  
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The r o l l ,  p i t c h ,  and yaw curves shown i n  F igu re  4 
become more o s c i l l a t o r y  a s  the hover  p o i n t  i s  approached. 
These o s c i l l a t i o n s  r e f l e c t  t h e  computer s i m u l a t i o n  t echn ique  
of Reference 2 ,  and are n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  of 
a c t u a l  p i l o t  c o n t r o l .  With manual takeover  on approach t o  
Hover, the r o l l  curve  would probably be smoother. 

The LPD t r a j e c t o r y  response  f o r  t h e  example r edes ig -  
n a t i o n  i s  shown i n  F igu re  5. The t r a j e c t o r y  t u r n s  toward t h e  
new target  w i t h  a l a r g e  radius of c u r v a t u r e .  This  c u r v a t u r e  
should  be  of on ly  s m a l l  s i g n i f i c a n c e  f o r  manual takeover .  
Takeover may occur  as e a r l y  a s  500  fee t  a l t i t u d e  and 1 2 0 0  f ee t  
uprange of t h e  s i t e .  (Reference 4)  From t h i s  p o s i t i o n ,  t h e  
c r e w  need n o t  f l y  a curved t r a j e c t o r y ,  w i t h  t h e  LM s l i g h t l y  
banked, b u t  can f l y  a series of s t r a i g h t  t ra jector ies ,  w i t h  a 
combination of yaw and p i t c h  maneuvers and s m a l l  r o l l  c o r r e c t i o n s .  
S imula t ions  on t h e  LLRF have shown a minimum of r o l l  a c t i v i t y  
f o r  an e s s e n t i a l l y  s t r a i g h t  t r a j e c t o r y .  (Reference  3 )  

Redes icrna t i o n  CaDabi li t v  

The LPD r e d e s i g n a t i z n  capabilit17 i s  l i x i t e d  p r i m a r i l y  
by f o u r  f a c t o r s :  (1) t h e  c h a r a c t e r i s t i c  v e l o c i t y  budgeted f o r  
r e d e s i g n a t i o n ,  ( 2 )  t h e  viewing envelope of t h e  commander's 
window, ( 3 )  t h e  r e q u i r e d  DPS (Descent  P ropu l s ion  System) t h r o t t l e  
s e t t i n g ,  and ( 4 )  t h e  Landing Radar l i m i t a t i o n  on v e h i c l e  r o l l .  
These l i m i t a t i o n s  are dep ic t ed  i n  F igure  6 i n  a crossrange/down- 
range c o o r d i n a t e  system centered  a t  t h e  nominal l and ing  p o i n t .  
(Data  i s  from References 5 and 6 . )  

The LPD c a p a b i l i t y  d e p i c t e d  i n  F igu re  6 should  be  
cons ide red  an upper bound on t h e  a c t u a l  r e d e s i g n a t i o n  c a p a b i l i t y .  
The p l o t  shown i s  f o r  r e d e s i g n a t i o n  a t  an a l t i t u d e  of 5 0 0 0  f e e t  
and a h o r i z o n t a l  range 1 7 , 0 0 0  f e e t  s h o r t  of t h e  o r i g i n a l  t a r g e t .  
S imula t ions  have shown t h a t  t he  c r e w  i s  n o t  l i k e l y  t o  r e d e s i g n a t e  
above t h i s  a l t i t u d e .  (Reference 7 )  

The c u r r e n t  delta-V a l l o t m e n t  f o r  LPD r e d e s i g n a t i o n  
i s  60 f p s  (Reference  8 ) .  The cor responding  r e d e s i g n a t i o n  l o c u s  
i s  l a b e l e d  " C u r r e n t  60  f p s "  i n  F igure  6 ,  and w a s  approximated 
u s i n g  t h e  data  of Reference 6 .  This  curve i n d i c a t e s  t h a t  a t  
5000 f e e t  a l t i t u d e  t h e  60  f p s  a l l o t m e n t  w i l l  pe rmi t  c r o s s r a n g e  
r e d e s i g n a t i o n s  of up t o  3400 f e e t  and downrange r e d e s i g n a t i o n s  
of up t o  1 6 0 0  feet .  

Redes igna t ion  uprange ( s h o r t )  of the o r i g i n a l  t a r g e t  
w i l l  d e c r e a s e  t h e  r e q u i r e d  del ta-V,  and can be  r e p r e s e n t e d  by 
c u r v e s  i n s i d e  of t h e  ' ' zero fps"  cu rve  on F i g u r e  6 .  The uprange 
r e d e s i g n a t i o n  c a p a b i l i t y  i s  l i m i t e d  by loss of v i s i b i l i t y  
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accompanying t h e  r e q u i r e d  pi tch-up.  The d o t t e d  curve  l a b e l e d  
"p i tch-up  l i m i t a t i o n "  i s  t h e  boundary f o r  uprange r e d e s i g n a t i o n .  
(Both t h e  " z e r o  fps"  and "pi tch-up l i m i t a t i o n "  cu rves  w e r e  taken 
from Reference 5 ,  and are somewhat o p t i m i s t i c  f o r  t h e  c u r r e n t  
d e s c e n t  t r a j e c t o r y . )  

Redesignat ion t o  t h e  r i g h t  of t h e  o r i g i n a l  t a rge t  is  
v e r y  l i m i t e d  due t o  t h e  commander s r e s t r i c t e d  viewing envelope.  
F i g u r e  7 shows t h e  s t r u c t u r a l  viewing r e s t r i c t i o n s  f o r  t h e  LM 
l e f t  hand window. When these  viewing r e s t r i c t i o n s  are t ransformed 
t o  F i g u r e  6 ,  r e d e s i g n a t i o n  i s  excluded o u t s i d e  of t h e  a r e a  en- 
c l o s e d  by t h e  l i n e s  l a b e l e d  "window l i m i t a t i o n " .  With h i s  eye  
a t  t h e  design-eye p o s i t i o n ,  a s  i t  must be t o  a l i g n  t h e  i n n e r  
and o u t e r  LPD scales,  t h e  commander s imply canno t  see p o i n t s  
on t h e  l u n a r  s u r f a c e  o u t s i d e  t h e  i n d i c a t e d  area. 

The t h i r d  major r e d e s i g n a t i o n  c o n s t r a i n t  i s  imposed 
Because DPS o p e r a t i o n  

A jump t o  f u l l  t h r o t t l e  might cause  t h e  

by l i m i t s  on t h e  DPS t h r o t t l e  s e t t i n g .  
between 6 0 %  and 9 2 . 5 %  of f u l l  t h r o t t l e  i s  u n d e s i r a b l e ,  t h e  
t h r o t t l e  w i l l  jump t o  9 2 . 5 %  if t h e  t h r u s t  commanded by t h e  LGC 
i s  greater than 6 0 % .  
LGC t o  command an a t t i t u d e  tralnrsielnrt t h a t  would be u n d e s i r a b l e  
d u r i n g  t h e  Approach Phase. Therefore ,  it i s  assumed t h a t  r edes ig -  
n a t i o n  should n o t  be  pe rmi t t ed  i f  t h e  r e s u l t i n g  t h r o t t l e  command 
w i l l  exceed 6 0 % .  
l a b e l e d  "60% t h r o t t l e  l i m i t "  must be exc luded  from t h e  r edes ig -  
n a t i o n  envelope.  

A l l  t a r g e t  p o i n t s  l y i n g  o u t s i d e  t h e  curve 

The f o u r t h  major c o n s i d e r a t i o n  t h a t  w i l l  l i m i t  LPD 
r e d e s i g n a t i o n  c a p a b i l i t y  i s  t h e  e f f e c t  of v e h i c l e  r o l l  on 
Landing Radar o p e r a t i o n .  The curve  l a b e l e d  ' ' c u r r e n t  30' r o l l  
l o c u s "  i n  F igu re  6 i s  an approximation t o  t h e  locus  of r e d e s i g n a t e d  
t a r g e t  p o i n t s  t h a t  would r e q u i r e  a maximum r o l l  ang le  of 30 deg rees .  
(Data is from References 5 and 6 . )  
l u n a r  t e r r a i n  c h a r a c t e r i s t i c s  might  be such  t h a t  t h e  Landing Radar 
would lose lock or cause  unacceptab le  update  e r r o r s ,  f o r  r o l l  
angles of 30° or l a r g e r .  Large r o l l  ang le s  would a l so  be uncom- 
for table  f o r  t h e  c r e w  and, a l though the r o l l  ang le  would d e c r e a s e  
toward t h e  hover p o i n t  (F igure  4 ) ,  t h e r e  would be an e f f e c t  on 
t h e  manual takeover  i n i t i a l  c o n d i t i o n s .  Lacking f u r t h e r  d a t a ,  
30° r o l l  was chosen a s  a l i m i t  f o r  LPD r e d e s i g n a t i o n .  

The r e s u l t  of t h e  f o u r  major LPD c o n s t r a i n t s  i s  t h a t  
t h e  r e d e s i g n a t e d  t a r g e t  p o i n t  must be chosen t o  l i e  w i t h i n  t h e  
area approximated by t h e  shaded p o r t i o n  of F i g u r e  6 .  This  a r e a  
d e f i n e s  t h e  r e d e s i g n a t i o n  task  of t h e  LM commander - t o  choose 
a d e s i r e d  l and ing  p o i n t  t h a t  does n o t  v i o l a t e  t h e  s t a t e d  con- 
s t r a i n t s .  
i nvo lved  i n  t h e  s e l e c t i o n  and t r a c k i n g  of a d e s i r e d  l and ing  s i te .  
The i n t e n t  of t h e  d i s c u s s i o n  w i l l  be t o  develop  a set  of c o n d i t i o n s  
f o r  f l i g h t  t e s t i n g  t h e  LPD. 

F o r  some landing  s i tes ,  t h e  

The n e x t  s e c t i o n  w i l l  d i s c u s s  p i l o t i n g  c o n s i d e r a t i o n s  
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SECTION 2 :  LPD PILOTING ANALYSIS 

U s e  of t h e  LPD w i l l  add s e v e r a l  t a s k s  t o  t h e  c r e w ' s  
o v e r a l l  p i l o t i n g  r e s p o n s i b i l i t y  du r ing  powered d e s c e n t .  I t  
i s  t h e r e f o r e  impor tan t  t o  determine t h e  n a t u r e  of t h e s e  LPD 
t a s k s  and t h e i r  c o m p a t i b i l i t y  w i t h  o t h e r  c r e w  a c t i v i t i e s .  
Th i s  s e c t i o n  w i l l  cons ide r  three main a r e a s  of crew t a s k  impact: 
(1) realt ime s e l e c t i o n  of the d e s i r e d  landing  p o i n t ,  ( 2 )  t r a c k i n g  
t h e  d e s i r e d  landing  p o i n t ,  and ( 3 )  i n i t i a t i o n  of manual t akeove r .  

Landing P o i n t  S e l e c t i o n  C r i t e r i a  

The c r e w  w i l l  r e d e s i g n a t e  t o  a new l and ing  p o i n t  f o r  
one o r  b o t h  of two reasons :  t o  avoid u n d e s i r a b l e  t e r r a i n ,  and/or 
t o  l and  nea r  an o b j e c t  of s c i e n t i f i c  i n t e r e s t .  For e i t h e r  
purpose,  r e d e s i g n a t i o n  m u s t  be accomplished w i t h i n  t h e  c o n s t r a i n t s  
t h a t  w e r e  d i s c u s s e d  i n  t h e  prev ious  s e c t i o n .  

The r e d e s i g n a t i o n  c a p a b i l i t y  a t  5000 f e e t  a l t i t u d e  
was d e p i c t e d  i n  F igure  6 .  T h i s  c a p a b i l i t y  can be t ransformed 
i n t o  a n g u l a r  changes i n  t h e  window e l e v a t i o n  and azimuth, as 
shown i n  F igu re  8 .  The 1 6 0 0  f e e t  maximum dor\7nranc;e r e d e s i g n a t i m  
c a p a b i l i t y  i s  e q u i v a l e n t  t o  a w i n d o w  e l e v a t i o n  change of 1.3 
d e g r e e s .  The 3400  f e e t  maximum c ross range  r e d e s i g n a t i o n  capa- 
b i l i t y  i s  e q u i v a l e n t  t o  a window azimuth change of 11.3 deg rees .  
As shown i n  F igu re  9 ,  t h e  t o t a l  a l lowab le  r e d e s i g n a t i o n  area 
a t  5000 f e e t  a l t i t u d e  is  a very s m a l l  p o r t i o n  of t h e  commander's 
o v e r a l l  f i e l d  of view. The 1.3 degree  downrange l i m i t a t i o n  i s  
probably  close t o  t h e  combined LPD in s t rumen t  error  and r e a d i n g  
error. For t h i s  r eason ,  r e d e s i g n a t i o n  f o r  f l i g h t  t e s t  pu rposes ,  
a t  5 0 0 0  f e e t ,  shou la  be l a r g e l y  i n  t h e  c ros s range  d i r e c t i o n .  
Three azimuth p u l s e s  ( 6 . 0  d e g r e e s ) ,  o r  2000  f t .  c ros s range  (6.7') 
a t  5000 f e e t  a l t i t u d e ,  i s  an upper  l i m i t  on the  e x t e n t  of a 
f l i g h t  t es t  over  smooth, or a t  l e a s t  homogeneous, t e r r a i n .  

I n  dec id ing  how many r e d e s i g n a t i o n  p u l s e s  are allowable,  
t h e  crew w i l l  need a c h a r t  s i m i l a r  t o  t h a t  shown i n  F igu re  1 0 .  
F o r  off-nominal  c o n d i t i o n s ,  a c h a r t  w i t h  t o t a l  v e l o c i t y  as t h e  
independent  v a r i a b l e  might be b e t t e r .  I t  should  be  no ted  t h a t  
t h e  c h a r t  i n  F igu re  10  i s  f o r  one r e d e s i g n a t i o n  only .  A c h a r t  
f o r  one r e d e s i g n a t i o n  p l u s  c o r r e c t i o n s  w i l l  e v i d e n t l y  have t o  be 
c o n s t r u c t e d  from ground s imula t ion  d a t a .  

Within t h e  l i m i t a t i o n  of t h e  L P D  del ta-V a l l o t m e n t ,  
r e d e s i g n a t i o n  w i l l  be  based on what t h e  commander sees when he 
f i r s t  views t h e  l and ing  s i t e  a f t e r  High Gate.  H i s  i n i t i a l  t a s k  
w i l l  be  t o  i d e n t i f y  t h e  c u r r e n t  DSKY s i t e  by watching it move 
up t h e  LPD e l e v a t i o n  s c a l e .  Once t h e  c u r r e n t  DSKY s i t e  i s  iden-  
t i f i e d ,  t h e  commander w i l l  d e t e r m i n e  if t h i s  i s  a d e b r i s - f r e e  
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s i t e  wi th  a c c e p t a b l e  t e r r a i n  s l o p e s .  H i s  answer w i l l  e s t a b l i s h  
t h e  b a s i c  purpose of any subsequent  r e d e s i g n a t i o n ,  as shown i n  
F i g u r e  11. I f  t h e  c u r r e n t  s i t e  i s  unacceptab le ,  he  w i l l  ask 
i f  t h e r e  are any smooth s i t e s  i n  v i e w  t h a t  are w i t h i n  t h e  LPD 
c a p a b i l i t y .  If n o t ,  he w i l l  con t inue  u n t i l  viewing c o n d i t i o n s  
improve; i f  c l o s e  t o  manual takeover ,  he might  decide t o  abort .  
I n  t h e  case where t h e  c u r r e n t  DSKY s i t e  i s  a c c e p t a b l e ,  he  w i l l  
look f o r  o t h e r  smooth s i tes  t h a t  are w i t h i n  LPD range  and are 
closer t o  an o b j e c t  of s c i e n t i f i c  i n t e r e s t .  I f  he  does n o t  
f i n d  a be t t e r  s i t e ,  he w i l l  cont inue  t o  t h e  c u r r e n t  t a r g e t .  

I n  c o n s t r u c t i n g  F igure  11, it w a s  assumed t h a t  only 
- one r e d e s i g n a t i o n  i s  p o s s i b l e .  I f  a r e d e s i g n a t i o n  t o  avoid 
u n d e s i r a b l e  t e r r a i n  w e r e  followed by a r e d e s i g n a t i o n  t o  l a n d  
n e a r  a p a r t i c u l a r  o b j e c t ,  then a d i f f e r e n t  l o g i c  would apply.  

I n  summary, s a t i s f a c t i o n  of t h e  ve ry  r e s t r i c t i v e  LPD 
c o n s t r a i n t s  i s  t h e  primary r edes igna t ion  c r i t e r i o n .  Within 
t h e s e  c o n s t r a i n t s ,  t h e r e  i s  probably enough c a p a b i l i t y  f o r  on ly  
one r e d e s i g n a t i o n  - e i t h e r  f o r  t e r r a i n  avoidance,  or for  selec- 
t i o n  of a more i n t e r e s t i n g  s i te .  F l i g h t  t e s t  of t h e  LPD should  
be l i m i t e d  t o  a f e w  i n i t i a l  r e d e s i g n a t i o n  p u l s e s ,  aiid enzlugh 
del ta-V should be l e f t  f o r  subsequent c o r r e c t i o n s  f u r t h e r  down 
t h e  t r a j e c t o r y  . 

Landing P o i n t  Tracking 

The LM commander w i l l  have t o  t r a c k  bo th  t h e  c u r r e n t  
DSKY s i t e  and t h e  d e s i r e d  s i t e  be fo re  e n t e r i n g  any LPD commands. 
If t h e  window c o o r d i n a t e s  of t h e  d e s i r e d  and c u r r e n t  s i tes  are 
converg ing ,he  should n o t  e n t e r  any corrunan6.s u n t i l  t h e  r e l a t i v e  
motion i s  s t a b l e ,  o r  beg ins  t o  d ive rge .  I f  t h e  d e s i r e d  and 
c u r r e n t  s i tes  a r e  d ive rg ing ,  he w i l l  measure t h e  angu la r  s epa ra -  
t i o n  on t h e  window scale, conver t  it t o  t h e  number of p u l s e s ,  
and e n t e r  t h e s e  p u l s e s  w i t h  t h e  hand c o n t r o l l e r .  

Once a r e d e s i g n a t i o n  command has  been e n t e r e d ,  t h e  
commander must con t inue  t o  v i s u a l l y  t r a c k  t h e  d e s i r e d  s i te .  I f  
i t s  c o o r d i n a t e s  d i f f e r  from t h e  c u r r e n t  DSKY s i t e ,  he must 
d e c i d e  what a d d i t i o n a l  c o r r e c t i o n s  should  be  made and whether 
t h e  r e q u i r e d  c o r r e c t i o n  w i l l  keep t h e  t o t a l  LPD del ta-V w i t h i n  
t h e  6 0  f p s  a l l o t m e n t .  If t h e  desired s i t e  and t h e  c u r r e n t  s i te  
d i v e r g e  a f t e r  t h e  i n i t i a l  r edes igna t ion  i s  made, an  o v e r c o r r e c t i o n  
may have t o  be e n t e r e d .  I f  i t  i s  p r e d i c t e d  pre-mission t h a t  
o v e r c o r r e c t i o n  w i l l  be r equ i r ed ,  it w i l l  be  d e s i r a b l e  t o  i n c l u d e  
an  o v e r c o r r e c t i o n  a lgo r i thm i n  t h e  S i t e  Locat ion  Updating Routine 
of t h e  Approach Phase Guidance, P64 .  
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Both t h e  commander's v i s u a l  t r a c k i n g  of t h e  l and ing  
s i t e  and t h e  LM p i l o t ' s  readout  of t h e  DSKY must b e  accomplished 
a long  w i t h  a v a r i e t y  of o t h e r  t a s k s  du r ing  t h e  powered d e s c e n t  
Approach Phase.  F igu re  1 2  shows t h e  g e n e r a l  l a y o u t  of LM d i s -  
p l a y s  which are of major importance d u r i n g  t h e  powered d e s c e n t  
Approach Phase.  The commander w i l l  be s t a t i o n e d  a t  t h e  l e f t  
hand window, and t h e  LM p i l o t  w i l l  be  s t a t i o n e d  p r i n c i p a l l y  
a t  Pane l s  1 and 2 .  The LM p i l o t  w i l l  r ead  t h e  DSKY r e g i s t e r s  
a t  Pane l  4 and vo ice - re l ay  t o  t h e  commander t h e  LPD e l e v a t i o n  
ang le  of t h e  c u r r e n t  s i t e  d i sp layed  on t h e  DSKY register. When 
he i s  n o t  r ead ing  o u t  t h e  e l e v a t i o n  of t h e  c u r r e n t  s i t e ,  t h e  
LM p i l o t  w i l l  be  moni tor ing  the  o t h e r  pane l s  and r e c e i v i n g  
systems and t r a j e c t o r y  s t a t u s  r e p o r t s  from t h e  Mission Con t ro l  
Center  (MCC).  

F i g u r e  13  c o n t a i n s  a l i s t  of m a j o r  p i l o t i n g  t a s k s  f o r  
t h e  Approach Phase.  Beginning a t  High G a t e ,  t h e  Commander w i l l  
e i t h e r  moni tor  t h e  au tomat ic  p i t c h o v e r ,  o r  perform t h e  p i t c h o v e r  
manually t o  assess t h e  LM handl ing  q u a l i t i e s .  As t h e  l u n a r  
s u r f a c e  comes i n t o  view, h i s  eye adap t ion  and v i s u a l  o r i e n t a t i o n  
w i l l  beg in .  H e  w i l l  i d e n t i f y  t h e  c u r r e n t  s i t e ,  assess t h e  c r a t e r  
d e n s i t y ,  c r a t e r  s i z e s ,  and t e r r a i n  s l ~ p e s .  A f t e r  t r a c k i n g  t h e  
c u r r e n t  s i t e  on t h e  LPD s c a l e ,  he  w i l l  make a d e c i s i o n  t o  re- 
d e s i g n a t e  o r  t o  c o n t i n u e .  When t h e  LM approaches 1 , 0 0 0  f e e t  
a l t i t u d e ,  t h e  commander w i l l  p l a n  h i s  f i n a l  approach t r a j e c t o r y  
and p r e p a r e  f o r  manual takeover .  

Meanwhile, t h e  LM p i l o t  w i l l  be  moni tor ing  t h e  onboard 
systems and r e c e i v i n g  t r a j e c t o r y  and s y s t e m  r e p o r t s  from MCC. 
The LM p i l o t  w i l l  monitor the  Landing Radar an tenna  p o s i t i o n  
change and t h e  DPS throt t le-down a f t e r  High Gate .  H e  w i l l  con- 
t i n u e  t o  scan  Pane l  1 f o r  DPS p r o p e l l a n t  t empera tu res ,  p r e s s u r e s  
and remaining u s a b l e s .  H e  w i l l  also monitor  t h e  Landing Radar 
and PGNCS a l t i t u d e  and a l t i t u d e  r a t e  on t h e  t a p e  meters and DSKY, 
r e s p e c t i v e l y .  When t h e  forward and l a t e r a l  v e l o c i t i e s  are below 
200  f p s ,  he w i l l  monitor them on t h e  X-poin ters .  I f  t h e r e  i s  
an LPD r e d e s i g n a t i o n ,  he w i l l  n o t e  t h e  a t t i t u d e  response  on t h e  
a t t i t u d e  i n d i c a t o r  on e i t h e r  Pane l  1 or 2 .  

With t h e s e  and o t h e r  t a s k s ,  t h e  LM P i l o t  w i l l  n o t  be  
a b l e  t o  cont inuous ly  r eadou t  t h e  DSKY d i s p l a y  of LPD c u r r e n t  
s i t e  e l e v a t i o n .  F igure  1 4  shows t h e  LPD e l e v a t i o n  a n g l e  t i m e  
h i s t o r y  f o r  t h e  c u r r e n t  nominal d e s c e n t  t r a j e c t o r y .  W i t h  t h e  
p r e s e n t  LM p i l o t  t a s k  loading ,  it i s  p robab le  t h a t  t h e  LM p i l o t  
w i l l  b e  a b l e  t o  sample t h i s  curve every  5 seconds,  i n  t h e  b e s t  
case. Th i s  sampling ra te  i s  e q u i v a l e n t  t o  an LPD e l e v a t i o n  
a n g l e  change of about  2 degrees  p e r  r eadou t ,  and should  be com- 
pa t ib l e  w i t h  t h e  commander's v i s u a l  t r a c k i n g  ra te .  I f  t h e  LM 
p i l o t  i s  t o o  busy t o  monitor  t h e  DSKY,  t h e  commander may have t o  
e x t r a p o l a t e  t h e  l a s t  r eadou t  ove r  1 0  o r  15  seconds.  
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There are s e v e r a l  problems w i t h  t h e  LPD d i s p l a y  
s c a l i n g .  The t i m e  t o  go t o  hover ( T G O ) ,  d i s p l a y e d  on t h e  
l e f t  of the R1 DSKY r e g i s t e r  ( F i g u r e  l), can only  be d i s p l a y e d  
t o  a magnitude of 9 9  seconds (because  of t h e  t w o  d i g i t  l i m i t ) ,  
a l though the v i s i b i l i t y  phase i s  nominal ly  155 seconds long.  
The c r e w  w i l l  have t o  ignore  the TGO d i s p l a y  f o r  the f i rs t  
56 seconds of t h e  Approach Phase .  Second, if one p i t c h  r e d e s i g -  
n a t i o n  p u l s e  i s  e n t e r e d ,  t h e  window e l e v a t i o n  of t h e  c u r r e n t  
s i t e  w i l l  change 0 .5  degrees .  However, the DSKY e l e v a t i o n  
ang le  d i s p l a y  might  n o t  change i n  response  t o  t h e  p i t c h  r e d e s i g -  
n a t i o n ,  s i n c e  t h e  d i s p l a y  i s  only  t o  t he  nearest whole degree. 
Th i rd ,  the commander w i l l  f i n d  it d i f f i c u l t  t o  judge the  correct 
number of 0 . 5  degree  p i t c h  p u l s e s ,  s i n c e  t h e  LPD window scale 
i s  graduated  i n  2 degree  increments .  (1 .3  deg rees  i s  t h e  forward 
r e d e s i g n a t i o n  l i m i t  a t  5000 f e e t  a l t i t u d e . )  Probably none of 
these s c a l i n g  problems i s  s e r i o u s  enough t o  p r e v e n t  p rope r  use  
of t h e  LPD. However, t h e s e  s c a l i n g  d i f f e r e n c e s  c e r t a i n l y  w i l l  
add t o  t h e  d i f f i c u l t y  of t he  uprange/downrange r e d e s i g n a t i o n  t a s k .  

I n  summary, t r ack ing  t h e  c u r r e n t  l and ing  s i t e  cannot  
be a cont inuous  a c t i v i t y  dur ing  t h e  Approach Phase ,  The LM 
p i l o t  w i l l  probably be able t o  r eadou t  t h e  DSKY a t  5 second 
i n t e r v a l s  when he is  n o t  too busy. I f  he has t o  check the LM 
side p a n e l  i n s t rumen t s  o r  converse w i t h  MCC, t h e  sampling i n t e r -  
v a l  could be  1 0  o r  15 seconds.  Although t h e  un redes igna ted  
e l e v a t i o n  ang le  t i m e  v a r i a t i o n  i s  roughly l i n e a r  over  t h e  f i r s t  
h a l f  of t h e  Approach Phase,  a large readou t  i n t e r v a l  could  cause  
an error i n  e x t r a p o l a t i n g  t h e  motion of t h e  c u r r e n t  s i t e  on t h e  
window scale. 

Manual Takeover Condit ions 

Redesignat ion w i t h  t h e  LPD w i l l  i n t r o d u c e  an  a t t i t u d e  
and t r a j e c t o r y  change s i m i l a r  t o  t h a t  shown i n  F i g u r e s  4 and 5. 
I n  g e n e r a l ,  t h e  LPD a t t i t u d e  response  w i l l  r e q u i r e  manual takeover  
w h i l e  t h e  LM i s  au tomat i ca l ly  f l y i n g  a s l i g h t l y  banked, s l i g h t l y  
cu rv ing  t r a j ec to ry  toward t h e  r e d e s i g n a t e d  s i te .  There w i l l  
p robably  be a p i l o t  p re fe rence  t o  z e r o  t h e  r o l l  ang le  and f l y  
a series of s t r a i g h t  t r a j e c t o r i e s  u s i n g  p i t c h  and yaw c o n t r o l .  
(Reference  3 )  I t  i s  d i f f i c u l t  t o  s ta te  whether  t h i s  w i l l  i n c r e a s e  
o r  d e c r e a s e  the del ta-V required. f o r  a s u c c e s s f u l  l and ing .  Ground 
s i m u l a t i o n s  should  be run i n  o r d e r  t o  de te rmine  t h e  deg ree  of 
coup l ing  between t h e  LPD a t t i t u d e  and t r a j e c t o r y  response  and 
t h e  p i l o t  response  a t  i n i t i a t i o n  of manual takeover .  

SECTION 3:  FLIGHT TEST D E F I N I T I O N  

The LPD c o n s t r a i n t s  and p i l o t i n g  c o n s i d e r a t i o n s  d i s -  
cussed  i n  S e c t i o n s  1 and 2 i n d i c a t e  t h a t  on ly  a very  l i m i t e d  
t y p e  of LPD f l i g h t  t e s t  should be  a t t empted  on Mission H - 1 .  
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A d e f i n i t i o n  of such a f l i g h t  tes t  is as f o l l o w s .  ( A  smooth, 
homogeneous t e r r a i n  i s  assumed; t h a t  i s ,  hazard  avoidance 
u s i n g  t h e  LPD is  n o t  cons idered . )  

I d e n t i f y  the c u r r e n t  DSKY s i t e  and t r a c k  it 
t o  5000 f e e t  a l t i t u d e .  

A t  approach t o  5000 fee t ,  i d e n t i f y  a s i t e  
approximate ly  6 degrees  t o  t h e  l e f t  and 
0 . 5  degrees  back f r o m  t h c  c u r r e n t  s i t e .  
E n t e r  three r o l l - l e f t  p u l s e s  and one 
p i  tch-up pu l se .  

Monitor t h e  r o l l ,  p i t c h ,  and yaw response .  

Continue t o  t r a c k  t h e  d e s i r e d  s i t e  u n t i l  
manual takeover .  

A t  manual takeover ,  s e t  up an  approach t o  
t h e  d e s i r e d  s i te .  

The delta-\ '  curves  g iven in Figure  6 h d i c a t e  C,at 
t h e  e x t r a  p r o p e l l a n t  r equ i r ed  by t h i s  t es t  w i l l  be n e a r l y  zero.  
The r o l l  response  w i l l  be a lmost  30  deg rees ,  and t h e  e f f e c t  on 
t h e  Landing Radar performance can be  p r e d i c t e d  pre-mission.  
The e f f e c t  of t h e  LPD a t t i t u d e  response  on t h e  i n i t i a l  c o n d i t i o n s  
a t  manual takeover  will be one o u t p u t  of t h e  f l i g h t  t e s t ,  b u t  
t h e  c r e w  should  perform pre-mission s imula t ions  of banked t ake -  
overs t o  e s t a b l i s h  a comfortable  c o n t r o l  enveiope .  

SUMMARY 

A f l i g h t  t e s t  of t h e  LPD can be  a t tempted  on Mission 
H - 1 ,  b u t  a number of c o n s t r a i n t s  w i l l  l i m i t  t h e  e x t e n t  of the 
test .  The r e d e s i g n a t i o n  c a n  b e  planned t o  minimize t h e  addi -  
t i o n a l  p r o p e l l a n t  r e q u i r e d .  Many of t h e  c r e w  t a s k s  related t o  
f l i g h t  t e s t  of t h e  LPD are a l r eady  r e q u i r e d  by t h e  nominal 
powered descen t  moni tor ing  procedures .  The da t a  p re sen ted  h e r e  
are p re l imina ry  and only  t h e  q u a l i t a t i v e  conclus ions  are s t r i c t l y  
v a l i d .  Curren t  data  must be p repa red ,  and a d d i t i o n a l  s i m u l a t i o n s  
must be run.  

20  13-ACM-srb 
A C W -  

A .  C. Merritt 
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